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Abstract The concept and need for a gender-specific or

female-specific total knee prosthesis have generated inter-

est and discussion in the orthopaedic community and the

general public. This concept relies on the assumption of a

need for such a design and the opinion that there are major

anatomic differences between male and female knees. Most

of the information regarding this subject has been dis-

seminated through print and Internet advertisements, and

through direct-to-patient television and magazine promo-

tions. These sources and a recent article in a peer-reviewed

journal, which support the need for a female-specific

implant design, have proposed three gender-based ana-

tomic differences: (1) an increased Q angle, (2) less

prominence of the anterior medial and anterior lateral

femoral condyles, and (3) reduced medial-lateral to ante-

rior-posterior femoral condylar aspect ratio. We examined

the peer-reviewed literature to determine whether women

have had worse results than men after traditional TKAs.

We found women have equal or better results than men. In

addition, we reviewed the evidence presented to support

these three anatomic differences. We conclude the first two

proposed differences do not exist, and the third is so small

that it likely has no clinical effect.

Level of Evidence: Level IV, systematic review. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Female-specific total knee implants have been marketed

and promoted to orthopaedic surgeons and their patients

despite a paucity of evidence-based, peer-reviewed infor-

mation. Of two recent medical journal articles that

advocated a female-specific knee design, one was an

interview with the implant’s designer or consultant [6] and

the other was a news release authored by a reporter quoting
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two designers or consultants of the prosthesis [9]. Nei-

ther article was peer-reviewed. The authors of two

additional articles have advocated a prosthetic design that

incorporated female-specific sizing. Both were published in

peer-reviewed journals but authored by the designers or

consultants. One article had no conflict of interest state-

ment [18] and the second was published with a very

narrowly defined conflict of interest statement [15].

The Journal of the American Academy of Orthopaedic

Surgeons published an article that put forward three ana-

tomic differences between men’s and women’s knees and

specifically advocated a female-specific implant designed

to address these differences [11]. The senior author (SC)

was the Chief Marketing Officer for the manufacturer, and

the two junior authors (AR, RC) were designers or con-

sultants. Five months later, the same journal published an

anonymous article entitled ‘‘Gender-specific Knee

Replacements: A Technology Overview’’ [2]. No conflict

of interest statement was included for the anonymous

authors. The concept of a female-specific total knee

implant design is based on the theory that there are clini-

cally important morphologic differences between male and

female knees and that traditional designs have failed to

address these differences, implying the results of TKA are

worse for women than for men. If the advocates for female-

specific knee prosthetic designs, ie, separate designs for

men and women, are correct, the evidence for this claim

should have been revealed in prior outcome and survivor-

ship studies. That is, comparative outcomes should dictate

whether a female-specific prosthetic design is needed or

even desirable.

The purpose of this article is twofold: to perform a

thorough review of the peer-reviewed orthopaedic litera-

ture to locate any published evidence that the results of

TKA are different in women and men and to analyze the

evidence for the male-female anatomic differences

advanced to support the need for a female-specific implant

design. Presuming these anatomic differences between men

and women are clinically important, we hypothesized

traditional total knee designs based on average anthropo-

morphic measurements from men and women would show

worse results for women than for men.

Search Strategy and Criteria

We (ACM) searched the MEDLINE1 database using the

following search string: ‘‘Arthroplasty, Replacement,

Knee’’ [MeSH] AND (survivorship OR results OR dura-

bility OR wear OR osteolysis). We limited the search to

articles published in English from 1989 to 2007. We

recovered 2381 citations. Three of us (ACM, RPG, SFD)

screened for inappropriate studies about unicompartmental,

patellofemoral, and revision arthroplasties, papers that did

not address gender differences, and other irrelevant studies,

leaving 86 citations. One of us (RAT) examined the articles

that included hip and knee arthroplasties and reduced that

number to 80. Finally, two of us (EAA, WBL) excluded

studies with fewer than 400 TKAs leaving 29 papers. Our

exclusion criteria for length of followup depended on the

goal of each study. For those that assessed survivorship,

wear-related failures, revision rate, patient satisfaction, and

outcome scores, we required at least a 5-year followup. For

papers that evaluated factors that likely would remain static

after 2 years, such as pain, range of motion, and stiffness,

we required a 2-year minimum followup. Two of us

(MF, WRP) examined the 29 papers using these criteria,

leaving 19 studies for full review.

Search Results

Women did not have worse outcomes than men using tra-

ditional total knee designs. In fact, we found the women

achieve essentially equal results compared with men, and in

many studies, their results were better. We found no papers

specifically designed to study differences between men and

women. Ten studies reported results in a numeric, statistical

form (Table 1). Eight of these papers [3, 12, 19, 29, 30, 32,

34, 36] totaling 77,449 TKAs with 5- to 15-year followups

showed women have better results than men. One study [33]

using a simplified, subjective, patient-reported satisfaction

survey with a 6-year followup reported 84.5% of men were

either satisfied or very satisfied after their TKA compared

with 84.0% of women. This small 0.5% difference in a very

simple and subjective survey was not clinically important.

Ritter et al. [31] reported women had 1.9� less range of

motion than men. No calculations were provided for pos-

sible interobserver error, which may have accounted for this

difference, and this small difference did not appear to be

clinically important. The remaining nine studies (Table 2)

did not report their results regarding male-female differ-

ences in a numeric form. Instead they used phrases such as

‘‘male and female patients had similar outcomes,’’ ‘‘gender

did not affect outcomes,’’ or ‘‘no significant differences

were found between men and women.’’ All nine studies

reported no difference between the results of men and

women.

We also found no evidence to support a claim that there

are anatomic differences between men’s and women’s

knees that would justify a female-specific total knee

implant design.

At the time of our literature search for this review, we

identified only one peer-reviewed article, by Conley et al.

[11], that advocated the need for a female-specific total

knee design. The authors of that article used the term
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‘‘notable’’ to describe three anatomic variations of the

female knee compared with the male knee. To evaluate that

article, we studied the evidence presented by the authors to

support each of these three differences: (1) an increased

Q angle, (2) less prominent anterior medial and lateral

femoral condyles, and (3) a reduced medial-lateral to

anterior-posterior (ML:AP) femoral condylar aspect ratio.

The Q Angle

We recognize the true Q angle (first described by

Brattstrom [8]) as the complimentary angle formed

between the patellar tendon and the resultant line of force

of the quadriceps muscles. Because this resultant line of

force is impossible to measure clinically, it is commonly

accepted that a line from the anterior superior iliac spine to

the center of the patella acts as a substitute. It is this ana-

tomic Q angle discussed in this analysis.

In support of their theory that women have a larger

Q angle than men, Conley et al. [11] listed six peer-

reviewed references [1, 17, 21, 22, 26, 38]. An examination

of these references is important. In 1989, Livingston [26]

reviewed prior studies and summarized the conclusions of

those studies. No original data were presented. Conley et

al. [11] used this reference to validate their statement:

‘‘Women are typically shorter than men, with wider hips

and a larger Q angle, …’’ However, after a thorough lit-

erature review, Livingston concluded in part: ‘‘The

common belief that women have wider hips than men is not

supported by scientific data, nor is the assumption that

Q angles are bilaterally symmetric. These outdated

assumptions must be replaced by a new approach to the

study of the Q angle’’ [26]. Guerra et al. [17] reported the

average Q angle was 5.8� greater for women than for men.

However, despite having collected height data for all

subjects, the authors failed to correct for the average height

difference between men and women. Woodland and

Francis [38] reported a 3� mean difference but also did not

correct for the average height difference between men and

women. Aglietti et al. [1] also reported a small 3� mean

difference but again did not correct for the smaller stature

of women. Horton and Hall [21] determined the average

female Q angle to be 4.6� larger than that of the male. Once

again, these authors did not correct for differences in

height. Hsu et al. [22] also reported a 3.2� difference, with

females being larger than males. These authors did not

perform reproducibility measurements nor did they correct

for height differences between men and women. Either or

both could have accounted for this difference. Furthermore,

many of these reports failed to describe the protractor used,

report the method of Q angle measurement, and perform

reproducibility studies.

Conley et al. [11] omitted any reference to the study by

Grelsamer et al. [16]. These authors, using a long, more

accurate protractor to reach the anterior superior iliac spine

and a standardized measurement method, concluded, when

the data are corrected for the difference in average height

between men and women, the difference between male and

female Q angles disappears. They proved women and men

have similar Q angles, and shorter people, whether male or

female, have slightly greater Q angles than taller people.

Anterior Condylar Height

Conley et al. [11] contended ‘‘…that the female has a less

pronounced anterior condylar height than does the male

knee’’ and offered two references in support [28, 40].

During 100 consecutive TKAs, Poilvache et al. [28] mea-

sured the thickness of the anterior lateral and anterior

medial resected bone after making the anterior cut (Fig. 1).

These authors reported an average 1.4 mm lower lateral

condyle and a 1.6 mm lower medial condyle for females

compared with males. These data were direct, absolute

measurements, uncorrected for the size of the distal femur

or the patient. The authors clearly recognized these dif-

ferences were the result of size and not gender by stating,

‘‘The anterior extent of the trochlea was smaller in females,

but this difference can be explained by the smaller size of

the femurs.’’ When Brattstrom [8] performed a detailed

radiographic-anatomic study of 200 normal subjects mea-

suring 400 knees (half of the subjects were women) and

found women had, on average, 1.5 mm lower lateral and

1.1 mm lower medial condyles anteriorly, he attributed this

Fig. 1 This diagram depicts a cross section of the distal femur.

PCL = posterior condylar line; SL = sulcus line (parallel to PCL;

represents the anterior cut during TKA); LAH = lateral anterior

height; MAH = medial anterior height. The average anterior lateral

condyle height and anterior medial condyle height for men are

13.7 mm and 10.6 mm, respectively, whereas those for women are

12.3 mm and 9.0 mm, respectively.
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difference to the smaller size and stature of women. When

corrected for size, men and women have similar anterior

condylar measurements. Their second supporting reference

[40] was to a commercial Internet Web site advertising a

particular female-specific knee implant system that con-

tained no independent supporting data.

Conley et al. [11] hypothesized using implants sized to

demographic averages ‘‘may result in a patellofemoral joint

that feels tight or ‘overstuffed’ after surgery and limit

postoperative range of motion.’’ Of the three references

cited to support this possibility, only two were published

[5, 20]. Hitt et al. [20] investigated male-female differ-

ences in the ML:AP aspect ratio. They did not investigate

or discuss anterior condylar height differences nor did they

investigate or discuss the possibility of decreased range of

motion or ‘‘tightness’’ postoperatively in women. Bengs

and Scott [5] reported a relatively small and insignificant

decrease in range of motion intraoperatively relative to

increasing patellar thickness.

The ML:AP Aspect Ratio

To support their theories of a lower anterior condylar

height and reduced ML:AP aspect ratio, Conley et al. [11]

referred to a ‘‘proprietary three-dimensional tomography

analysis technology’’ of Mahfouz et al. We were not able

to review that reference because it was not published. As

mentioned above, Hitt et al. [20] did not investigate ante-

rior condylar height; however, they did design and perform

an excellent multicenter study to compare detailed and

accurate measurements of the distal femur and proximal

tibia intraoperatively with the dimensions of the prostheses

to be implanted. Eight centers participated, and six dif-

ferent prosthetic knee systems were analyzed. They

measured 337 knees in 295 patients; 209 (62%) of the

knees were female and 128 (38%) were male. They found

the distal femoral female ML:AP aspect ratio was smaller

than that of the male and there was significant variation

among the different implants in accommodating that dif-

ference, especially in the smaller sizes. They hypothesized

this mismatch ‘‘could result in soft tissue irritation,’’

‘‘effect balancing efforts,’’ ‘‘leave exposed cancellous

bone,’’ ‘‘and may permit increased osteolysis from wear

debris in longer follow-up’’ However, they knew of no

report that ‘‘has specifically addressed this issue.’’

Discussion

By reviewing the peer-reviewed orthopaedic literature

regarding traditional, primary TKA, we tried to determine

whether women had worse results than men using various

criteria for success or failure. We also sought any evidence

to determine whether there are skeletal differences between

men’s and women’s knees, and if so, that these differences

would be clinically important. Those who propose a need

for a female-specific total knee design [6, 11] should be

able to support that proposal with clinical and scientific

evidence published with genuine peer review in an evi-

dence-based format without bias. If studies that used

traditional, averaged, gender-neutral total knee designs

found worse results for women than for men, then the need

for female-specific designs might be inferred. However,

just the opposite is true. The results from such studies show

women achieve results that are at least as good as or, more

likely, better than men. Thus, we see, no matter what cri-

teria are used to measure success or failure by the multiple

studies about primary TKA (Tables 1, 2), whether it is by

implant survival [13, 14, 19, 24, 29, 30, 35, 36], pain [37],

risk of revision [34], range of motion [31], wear-related

failures [3, 12], stiffness [25], outcomes scores [7, 23, 39],

or satisfaction [33], when traditional implant designs are

used, women achieve essentially equal or even better

results than men. This finding refutes the theory that tra-

ditional knee prosthetic designs place women at a

disadvantage compared with men and that gender-specific

designs are needed to address anatomic differences

between men and women.

A limitation of our literature search was that we found

no study specifically designed to ascertain difference

between the results of men and women using traditional

total knee designs. Therefore, we had to rely on authors

who were gathering data for other reasons to report any

male-female differences. Certainly, studies that reported

such differences numerically with significant probability

values (Table 1) were more reliable than those that did not

(Table 2). However, the fact that our search discovered no

studies specifically designed to test for possible male-

female differences is instructive. If being female were an

obvious risk factor for premature failure or poor outcome,

we suspect studies would have been performed to docu-

ment this risk and its magnitude. Ideally, a long-term study

with a large cohort could be designed to specifically answer

the question: Are the TKA results worse in females than

males? However, the data we have reported seem to leave

no question that women’s results are the same or better

than those of men.

When the data supporting major anatomic differences in

the Q angle between male and female knees are reviewed

carefully, it becomes apparent this difference disappears

when corrected for the average height difference between

men and women. Indeed, Grelsamer et al. [16] reported the

female pelvis is not wider than the male pelvis when

measured between the anterior superior iliac spines. Fur-

thermore, in a subject of average height, because the
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anterior superior iliac spine is so far from the patella, a

4-cm-wider pelvis would only change the Q angle 2�.

Conversely, a 5� increase in the Q angle would require

almost a 9-cm-wider pelvis. By using a long, more accurate

protractor and a consistent, standardized method of mea-

surement, they also reported the Q angle changed 0.2� for

each centimeter in height, and the average height differ-

ence of 11.5 cm between men and women explained the

small 2.3� gender difference in the Q angle. With this

information, implant designers might advocate height-

specific designs, but not gender- or female-specific designs.

Concerning the claim that the medial and lateral con-

dyles have smaller anterior heights in women compared

with men, this difference is explained entirely by size and

not gender difference. We found no evidence to support

the claim that using implants sized to demographic aver-

ages will result in overstuffing of the patellofemoral joint.

The concept of overstuffing the patellofemoral joint has

been simply and uncritically transferred from the femo-

rotibial joint with no confirmatory studies. Because the

capsule and inelastic ligaments secure the femorotibial

joint, it is extremely important to balance these ligaments

carefully during TKA and avoid a tibial insert that is too

large. This will certainly overstuff this joint and lead to a

poor result with decreased range of motion. The patel-

lofemoral joint is a totally different articulation. Although

the patellar ligament is inelastic, the quadriceps muscles

are elastic and stretchable. This explains why the inves-

tigation by Bengs and Scott [5] not only failed to support

the claim of overstuffing by Conley et al. [11], but actu-

ally refuted it. More recently, Pierson et al. [27] reviewed

830 primary TKAs to determine the effects of so-called

overstuffing the patellofemoral joint. Their findings did

‘‘not support the widely held belief that stuffing of the

patellofemoral joint results in adverse outcomes after total

knee arthroplasty.’’

With reference to the smaller female ML:AP aspect ratio

of the distal femur, there is no scientific or clinical evidence

to show it has a major clinical impact. Hitt et al. [20]

clearly showed women have a smaller ML:AP aspect ratio

on average than men. One reason this difference may not

rise to clinical significance is that the differences within

groups of men and women are greater than the differences

between men and women. That is, the mean difference

between groups is almost always smaller than the standard

deviations of the measurements within the groups. Because

we found women achieve essentially the same or better

results after traditional TKA compared with men in 19

studies with more than 120,000 TKAs spanning 18 years,

we conclude this smaller female ML:AP aspect ratio has no

measurable clinical effect. Other designers [18] have used

the same data presented by Hitt et al. [20] to improve the

sizing options for men and women in the same implant

system. They decreased the ML:AP aspect ratio in the

smaller sizes and decreased the increment change between

sizes, thereby offering more options in the same overall

range. They rejected the concept of female-specific total

knee designs and in their early short-term study have

reported successful results for men and women [18]. Barrett

[4] studied the need for gender-specific prostheses in TKA,

taking into consideration the smaller female ML:AP aspect

ratio. He concluded, although some modification of sizing

within current total knee systems might be beneficial, the

development of separate designs for men and women

would likely be costly and unnecessary. Chin et al. [10]

reached the same conclusion after studying intraoperative

measurements of male and female distal femurs. They

confirmed a 2% to 3% difference in the aspect ratio

between men and women and suggested prosthetic manu-

facturers use these data to produce ‘‘…a range of prosthetic

sizes that provides more optimum fit across genders…’’ We

agree the availability of more sizes may produce a better

anatomic fit for more patients, and this might improve

functional or survivorship results; however, that too

remains speculative.

The use of female-specific total knee designs poses an

interesting ethical and, perhaps, medicolegal dilemma.

When obtaining informed consent, should the orthopaedic

surgeon disclose to the male patient that he or she plans to

use an implant that was designed and intended for use in

the female knee? Conversely, should he or she explain to

the female patient that there is no scientific or clinical

evidence to support the use of this new female-specific

total knee prosthetic design?

After a thorough review and analysis of the literature

regarding traditional primary TKA, no matter what criteria

were used to define success or failure, we found no evi-

dence to support the original hypothesis that women

traditionally have worse outcomes than men. On the con-

trary, women appear to have the same or better results than

men. In addition, the average anatomic differences between

male and female knees can be explained by the average

smaller height and size of women compared with men, not

by their gender. The difference in the distal femoral aspect

ratio described by Hitt et al. [20] is apparently too small to

be of clinical importance. We conclude the need for

female- or gender-specific total knee prosthetic designs is

not supported by existing scientific and clinical evidence.
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